a2 United States Patent

Morifuji et al.

US009123628B2

(10) Patent No.: US 9,123,628 B2
(45) Date of Patent: *Sep. 1, 2015

(54)

(71)
(72)

(73)
")

@
(22)
(65)

(60)

(30)

SEMICONDUCTOR DEVICE
Applicant: Rohm Co., Ltd., Kyoto (JP)

Inventors: Tadahiro Morifuji, Kyoto (JP);
Shigeyuki Ueda, Kyoto (JP)

Assignee: Rohm Co., Ltd., Kyoto (JP)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.

Appl. No.: 14/491,556

Filed: Sep. 19, 2014

Prior Publication Data
US 2015/0021765 Al Jan. 22, 2015
Related U.S. Application Data

Continuation of application No. 14/337,959, filed on
Jul. 22, 2014, and a continuation of application No.
13/856,905, filed on Apr. 4, 2013, now Pat. No.
8,922,010, which is a division of application No.
12/663,563, filed as application No.
PCT/IP2008/060844 on Jun. 13, 2008, now Pat. No.
8,436,467.

Foreign Application Priority Data

Jun. 15,2007  (JP) oo 2007-159351
Jun. 15,2007  (JP) oo 2007-159354

(1)

(52)

Int. CI.

HOIL 23/48 (2006.01)

HOIL 23/00 (2006.01)

HOIL 23/31 (2006.01)

USS. CL

CPC ... HOIL 24/17 (2013.01); HOIL 23/3128
(2013.01); HOIL 23/3171 (2013.01);

(Continued)

(58) Field of Classification Search
CPC ....coonueeeee HO1L 2924/00014; HO1L 2924/00;
HO1L 2224/32225; HO1L 2924/01029; HOI1L
2924/01013
USPC ........... 257/737, 738, 780, E21.508, E23.069
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,452,270 Bl 9/2002 Huang
6,522,016 Bl 2/2003 Makino et al.

(Continued)

FOREIGN PATENT DOCUMENTS

Jp 57-73936 10/1980
Jp 073936/1982 5/1982
(Continued)
OTHER PUBLICATIONS

USPTO, official communication in U.S. Appl. No. 14/337,959 (Oct.
17,2014).

Primary Examiner — Andy Huynh
(74) Attorney, Agent, or Firm — Fish & Richardson P.C.

(57) ABSTRACT
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trode pad portion (2) formed on the upper surface of a semi-
conductor substrate (1), a passivation layer (3) so formed on
the upper surface of the semiconductor substrate (1) as to
overlap a part of the electrode pad portion (2) and having a
first opening portion (3a) where the upper surface of the
electrode pad portion (2) is exposed, a barrier metal layer (5)
formed onthe electrode pad portion (2), and a solder bump (6)
formed on the barrier metal layer (5). The barrier metal layer
(5) is formed such that an outer peripheral end (556) lies within
the first opening portion (3a) of the passivation layer (3) when
viewed in plan.
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1
SEMICONDUCTOR DEVICE

TECHNICAL FIELD

The present invention relates to a semiconductor device in
which a semiconductor chip is bonded by on a flip chip basis.

BACKGROUND ART

There are conventionally known semiconductor packages
(semiconductor devices) in which a semiconductor chip is
bonded by flip chip bonding. A semiconductor chip to be
mounted in such a semiconductor package has solder bumps
(bump electrodes) formed on it to allow flip chip bonding (for
example, see Patent Document 1 listed below).

FIGS. 29 to 31 are schematic sectional views showing the
structure of a conventional semiconductor device disclosed in
Patent Document 1. In the conventional semiconductor
device, as shown in FIG. 29, an electrode pad portion 1002 is
formed on the top face of a semiconductor substrate 1001. It
should be understood that on the top face of the semiconduc-
tor substrate 1001, a circuit (unillustrated) such as an IC or
LSI has been fabricated. Moreover, on the top face of the
semiconductor substrate, a protection layer 1003 for protect-
ing the top face of the semiconductor substrate 1001 is
formed. The protection layer 1003 has an opening 1003«
through which a predetermined region on the electrode pad
portion 1002 is exposed. Moreover, the protection layer 1003
is so formed as to overlap a peripheral part of the electrode
pad portion 1002, with the result that the protection layer
1003 has a step part 10035 formed in it.

Moreover on the electrode pad portion 1002, via a barrier
metal layer 1004, a bump electrode 1005 is formed. The
barrier metal layer 1004 is formed on the electrode pad por-
tion 1002 such that a peripheral part 1004a of the barrier
metal layer 1004 rests on a region of the protection layer 1003
overlapping the electrode pad portion 1002. That is, a circum-
ferential end part 10045 of the barrier metal layer 1004 is
formed on the region of the protection layer 1003 overlapping
the electrode pad portion 1002.

Moreover, as shown in FIG. 30, the semiconductor sub-
strate 1001 having the bump electrode 1005 formed on it is
arranged face down above a printed circuit board 1006—in
such a way that the top face (circuit face) of the semiconduc-
tor substrate 1001 faces the printed circuit board 1006—, and
is connected by the bump electrode 1005 to an electrode 1007
on the printed circuit board 1006 on a flip chip basis.

Patent Document 1: JP-A-2007-13063

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

In the conventional semiconductor device disclosed in
Patent Document 1 mentioned above, since the barrier metal
layer 1004 is so configured that its peripheral part 1004a rests
on the part of the protection layer 1003 overlapping the elec-
trode pad portion 1002, disadvantageously, as shown in FIGS.
30 and 31, when a thermal stress ascribable to a difference in
thermal expansion coefficient between the semiconductor
substrate 1001 and the printed circuit board 1006 acts on the
bump electrode 1005, a crack is prone to develop in a region
of the protection layer 1003 under (a region thereof corre-
sponding to) the circumferential end part 10045 of the barrier
metal layer 1004. This makes the protection layer 1003 prone
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2

to breakage, leading to the inconvenience that when the pro-
tection layer 1003 breaks, the breakage lowers the reliability
of the semiconductor device.

The present invention has been made to solve problems as
discussed above, and an object of the invention is to provide
a semiconductor device that can suppress a lowering in reli-
ability.

Means for Solving the Problem

To achieve the above object, according to a first aspect of
the invention, a semiconductor device is provided with: an
electrode pad portion formed on a face of a substrate; a first
protection layer including a first opening through which a top
face of the electrode pad portion is exposed, the first protec-
tion layer being formed on the face of the substrate to overlap
part of the electrode pad portion; a barrier metal layer formed
on the electrode pad portion; and a bump electrode formed on
the barrier metal layer. Here, the barrier metal layer has a
circumferential end part thereof formed inward of the first
opening in the first protection layer as seen in a plan view.

In this semiconductor device according to the first aspect,
as described above, the barrier metal layer is so configured
that its circumferential end part is formed inward of the first
opening in the first protection layer as seen in a plan view, and
consequently no first protection layer is formed under the
circumferential end part of the barrier metal layer. Thus,
during the flip chip bonding of the substrate onto the printed
circuit board, even when a thermal stress ascribable to a
difference in thermal expansion coefficient between the sub-
strate and the printed circuit board acts on the bump electrode,
it is possible to suppress development of a crack in the first
protection layer. Thus, it is possible to suppress breakage of
the first protection layer, and it is thereby possible to suppress
a lowering in the reliability of the semiconductor device
resulting from breakage of the first protection layer.

In the above-described semiconductor device according to
the first aspect, preferably, there is additionally provided: a
second protection layer formed to cover a predetermined
region on the first protection layer and a predetermined region
on the electrode pad portion. Here, the barrier metal layer is
formed on the electrode pad portion with a peripheral part of
the barrier metal layer located over the second protection
layer. With this configuration, it is possible to form easily the
barrier metal layer such that its circumferential end part is
located inward of the first opening in the first protection layer
as seen in a plan view.

In this case, preferably, in the second protection layer, a
second opening is formed through which the top face of the
electrode pad portion is exposed and that has an opening
width smaller than the first opening, and a rim part of the
second protection layer defining the second opening has an
inclined shape. With this configuration, even when the
peripheral part of the barrier metal layer is formed over the
second protection layer, it is possible to suppress breakage of
the barrier metal layer. Thus, it is possible to suppress a
lowering in the reliability of the semiconductor device result-
ing from breakage of the first protection layer, and in addition
it is possible to suppress a lowering in the reliability of the
semiconductor device resulting from breakage of the barrier
metal layer. It is thus possible to suppress more easily a
lowering in the reliability of the semiconductor device.

In the above-described configuration in which the second
protection layer is formed, preferably, the second protection
layer is formed of polyimide. With this configuration, it is
possible to suppress breakage of the first protection layer
more easily.
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In the above-described semiconductor device according to
the first aspect, the electrode pad portion may be formed of a
material containing aluminum, the barrier metal layer may be
formed of a material containing titanium, and the bump elec-
trode may comprise a solder bump.

According to a second aspect of the invention, a semicon-
ductor device is provided with: an electrode pad portion
formed on a face of a substrate; a first protection layer includ-
ing a first opening through which a top face of the electrode
pad portion is exposed, the first protection layer being formed
on the face of the substrate to overlap part of the electrode pad
portion; a barrier metal layer formed on the electrode pad
portion so as not to make direct contact with the first protec-
tion layer; and a bump electrode formed on the barrier metal
layer. Here, the first protection layer has a step part formed in
it as a result of the first protection layer overlapping the part of
the electrode pad portion, and the barrier metal layer has a
circumferential end part thereof formed outward of the step
part as seen in a plan view.

In this semiconductor device according to the second
aspect, as described above, the barrier metal layer is formed
on the electrode pad portion so as not to make direct contact
with first protection layer. Thus, during the flip chip bonding
of the substrate onto the printed circuit board, even when a
thermal stress ascribable to a difference in thermal expansion
coefficient between the substrate and the printed circuit board
acts on the solder bump, it is possible to suppress the thermal
stress acting on the first protection layer, and thus it is possible
to suppress development of a crack in the first protection
layer. Thus, it is possible to suppress breakage of the first
protection layer, and it is thereby possible to suppress a low-
ering in the reliability of the semiconductor device resulting
from breakage of the first protection layer.

Moreover, according to the second aspect, the barrier metal
layer is so configured that its circumferential end part is
formed outward of the step part as seen in a plan view, and this
permits the barrier metal layer to be configured such that the
step part is not located right under the circumferential end
part. Here, in the step part of the first protection layer, because
the first protection layer is partly less thick and for other
reasons, a crack is more likely to develop than in the other part
of the first protection layer; on the other hand, however,
thanks to the configuration described above, even when a
thermal stress ascribable to a difference in thermal expansion
coefficient between the substrate and the printed circuit board
acts on the solder bump, it is possible to suppress develop-
ment of a crack in the step part of the first protection layer.
This, too, contributes to suppressing a lowering in the reli-
ability of the semiconductor device resulting from breakage
of the first protection layer.

In this case, preferably, there is additionally provided: a
second protection layer formed to cover a predetermined
region on the first protection layer and a predetermined region
on the electrode pad portion. Here, the barrier metal layer is
formed on the electrode pad portion with a peripheral part of
the barrier metal layer located over the second protection
layer. With this configuration, when the barrier metal layer is
formed on the electrode pad portion, it is possible to form
easily the barrier metal layer such that it does not make direct
contact with the first protection layer and that its circumfer-
ential end part is located outward of the step part as seenin a
plan view.

In this case, preferably, in the second protection layer, a
second opening is formed through which the top face of the
electrode pad portion is exposed and that has an opening
width smaller than the first opening, and a rim part of the
second protection layer defining the second opening has an
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inclined shape. With this configuration, even when the
peripheral part of the barrier metal layer is formed over the
second protection layer, it is possible to suppress breakage of
the barrier metal layer. Thus, it is possible to suppress a
lowering in the reliability of the semiconductor device result-
ing from breakage of the first protection layer, and in addition
it is possible to suppress a lowering in the reliability of the
semiconductor device resulting from breakage of the barrier
metal layer. It is thus possible to suppress more easily a
lowering in the reliability of the semiconductor device.

In the above-described configuration in which the second
protection layer is formed, preferably, the second protection
layer is formed of polyimide. With this configuration, it is
possible to suppress breakage of the first protection layer
more easily.

In the above-described semiconductor device according to
the second aspect, the electrode pad portion may be formed of
a material containing aluminum, the barrier metal layer may
be formed of a material containing titanium, and the bump
electrode may comprise a solder bump.

Advantages of the Invention

As described above, according to the present invention, it is
possible to obtain easily a semiconductor device that can
suppress a lowering in reliability.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 A sectional view showing the structure of a semi-
conductor device according to a first embodiment of the
invention.

FIG. 2 A sectional view showing the structure of an elec-
trode portion of the semiconductor chip in the semiconductor
device shown in FIG. 1 according to the first embodiment of
the invention.

FIG. 3 A sectional view showing the structure of an elec-
trode portion of the semiconductor chip, with a solder bump
omitted, in the semiconductor device shown in FIG. 1 accord-
ing to the first embodiment of the invention.

FIG. 4 A plan view showing the structure of an electrode
portion of the semiconductor chip, with the solder bump
omitted, in the semiconductor device shown in FIG. 1 accord-
ing to the first embodiment of the invention.

FIG. 5 A sectional view showing the semiconductor chip
mounted on a printed circuit board.

FIG. 6 A sectional view illustrating the process for forming
an electrode portion of the semiconductor chip in the semi-
conductor device according to the first embodiment of the
invention.

FIG. 7 A sectional view illustrating the process for forming
an electrode portion of the semiconductor chip in the semi-
conductor device according to the first embodiment of the
invention.

FIG. 8 A sectional view illustrating the process for forming
an electrode portion of the semiconductor chip in the semi-
conductor device according to the first embodiment of the
invention.

FIG. 9 A sectional view illustrating the process for forming
an electrode portion of the semiconductor chip in the semi-
conductor device according to the first embodiment of the
invention.

FIG. 10 A sectional view illustrating the process for form-
ing an electrode portion of the semiconductor chip in the
semiconductor device according to the first embodiment of
the invention.



US 9,123,628 B2

5

FIG. 11 A sectional view illustrating the process for form-
ing an electrode portion of the semiconductor chip in the
semiconductor device according to the first embodiment of
the invention.

FIG. 12 A sectional view illustrating the process for form-
ing an electrode portion of the semiconductor chip in the
semiconductor device according to the first embodiment of
the invention.

FIG. 13 A sectional view showing the structure of an elec-
trode portion of the semiconductor chip according to a first
modified example of the first embodiment.

FIG. 14 A sectional view showing the structure of an elec-
trode portion of the semiconductor chip according to a second
modified example of the first embodiment.

FIG. 15 A sectional view showing the structure of an elec-
trode portion of the semiconductor chip according to a third
modified example of the first embodiment.

FIG. 16 A sectional view showing the structure of a semi-
conductor device according to a second embodiment of the
invention.

FIG. 17 A sectional view showing the structure of an elec-
trode portion of the semiconductor chip in the semiconductor
device shown in FI1G. 16 according to the second embodiment
of the invention.

FIG. 18 A sectional view showing the structure of an elec-
trode portion of the semiconductor chip, with a solder bump
omitted, in the semiconductor device shown in FIG. 16
according to the second embodiment of the invention.

FIG. 19 A plan view showing the structure of an electrode
portion of the semiconductor chip, with the solder bump
omitted, in the semiconductor device shown in FIG. 16
according to the second embodiment of the invention.

FIG. 20 A sectional view showing the semiconductor chip
mounted on a printed circuit board.

FIG. 21 A sectional view illustrating the process for form-
ing an electrode portion of the semiconductor chip in the
semiconductor device according to the second embodiment
of the invention.

FIG. 22 A sectional view illustrating the process for form-
ing an electrode portion of the semiconductor chip in the
semiconductor device according to the second embodiment
of the invention.

FIG. 23 A sectional view illustrating the process for form-
ing an electrode portion of the semiconductor chip in the
semiconductor device according to the second embodiment
of the invention.

FIG. 24 A sectional view illustrating the process for form-
ing an electrode portion of the semiconductor chip in the
semiconductor device according to the second embodiment
of the invention.

FIG. 25 A sectional view illustrating the process for form-
ing an electrode portion of the semiconductor chip in the
semiconductor device according to the second embodiment
of the invention.

FIG. 26 A sectional view illustrating the process for form-
ing an electrode portion of the semiconductor chip in the
semiconductor device according to the second embodiment
of the invention.

FIG. 27 A sectional view illustrating the process for form-
ing an electrode portion of the semiconductor chip in the
semiconductor device according to the second embodiment
of the invention.

FIG. 28 A sectional view showing the structure of an elec-
trode portion of the semiconductor chip according to a modi-
fied example of the second embodiment.
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FIG. 29 A schematic sectional view showing the structure
of a conventional semiconductor device disclosed in Patent
Document 1.

FIG. 30 A schematic sectional view showing the structure
of a conventional semiconductor device disclosed in Patent
Document 1.

FIG. 31 An enlarged sectional view of part A in FIG. 30.

LIST OF REFERENCE SYMBOLS

1, 401 semiconductor substrate (substrate)

2, 402 electrode pad portion

3, 403 passivation layer (first protection layer)
3a, 403¢ first opening

3b, 4035 step part

4,404 insulating protection layer (second protection layer)
4a, 4044 second opening

4b, 4045 rim part

5, 405 barrier metal layer

5a, 4054 peripheral part

5b, 4055 circumferential end part

6, 406 solder bump (bump electrode)

10, 110, 210,

310, 410, 510 semiconductor chip

20, 420 printed circuit board

21, 421 connection pad portion

22, 422 electrode terminal

30, 430 resin sealing layer

40, 440 resin member

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, as specific examples of how the present inven-
tion is carried out, embodiments of the invention will be
described with reference to the accompanying drawings. The
embodiments presented below deal with examples in which
the invention is applied to a semiconductor device with a
BGA (ball grid array) package in which a semiconductor chip
is bonded by flip chip bonding.

First Embodiment

FIG. 1 is a sectional view showing the structure of a semi-
conductor device according to a first embodiment of the
invention. FIG. 2 is a sectional view showing the structure of
an electrode portion of a semiconductor chip in the semicon-
ductor device shown in FIG. 1 according to the first embodi-
ment of the invention. FIGS. 3 to 5 are diagrams illustrating
the structure of the semiconductor device according to the
first embodiment of the invention. First, with reference to
FIGS. 1 to 5, the structure of the semiconductor device
according to the first embodiment of the invention will be
described.

As shown in FIG. 1, the semiconductor device according to
the first embodiment is provided with a semiconductor chip
10, a printed circuit board 20 on which the semiconductor
chip 10 is mounted, and a resin sealing layer 30 that seals the
semiconductor chip 10 in. The resin sealing layer 30 is formed
of a thermosetting resin such as epoxy resin.

The semiconductor chip 10 comprises a semiconductor
substrate 1 such as a silicon substrate, and on the top face of
the semiconductor substrate 1, a circuit (unillustrated) such as
an IC or LST has been fabricated. It should be understood that
the semiconductor substrate 1 is an example of a “substrate”
according to the invention.
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Moreover, as shown in FIGS. 2 and 3, on the top face of the
semiconductor substrate 1, an electrode pad portion 2 of
aluminum or an alloy of aluminum is formed. Moreover, on
the top face of the semiconductor substrate 1, a passivation
layer 3 of silicon nitride is formed. In the passivation layer 3,
a first opening 3a is formed through which a predetermined
region of the electrode pad portion 2 is exposed. As shown in
FIG. 4, the first opening 3« has a substantially circular shape
as seen in a plan view, and is formed with an opening width
D1 of about 85 um to about 95 pum. Moreover, the passivation
layer 3 is formed on the top face of the semiconductor sub-
strate 1 so as to overlap a peripheral part of the electrode pad
portion 2. It should be understood that the passivation layer 3
is an example of a “first protection layer” according to the
invention.

Moreover, over a predetermined region on the passivation
layer 3 and a predetermined region on the electrode pad
portion 2, an insulating protection layer 4 of polyimide is
formed. As shown in FIGS. 3 and 4, in the insulating protec-
tion layer 4, a second opening 4a is provided that has an
opening width D2 (about 55 pum to about 65 pm) smaller than
the opening width D1 (about 85 pum to about 95 um) of the first
opening 3a in the passivation layer 3. As shown in FIG. 4, the
second opening 4a has a substantially circular shape as seen
in a plan view, and is formed to be substantially concentric
with the first opening 3a. Moreover, a rim part 45 of the
insulating protection layer 4 defining the second opening 4a
is formed in an inclined shape. It should be understood that
the insulating protection layer 4 is an example of a “second
protection layer” according to the invention.

Moreover, as shown in FIGS. 2 and 3, on the electrode pad
portion 2, a barrier metal layer 5 with a thickness of about 10
pum and of titanium ('T1) is formed, with a peripheral part 5a of
the barrier metal layer 5 located in a region on the insulating
protection layer 4 near the rim part 45. As shown in FIG. 4, the
barrier metal layer 5 has a substantially circular shape as seen
in a plan view, and is formed to be substantially concentric
with the first opening 3a¢ and with the second opening 4a.

Here, in the first embodiment, the barrier metal layer 5 is so
formed that a circumferential end part 56 of the barrier metal
layer 5 is located inward of the first opening 3a in the passi-
vation layer 3 as seen in a plan view. That is, as shown in FI1G.
3 or 4, the barrier metal layer 5 is configured with a width D3
(about 70 um to about 80 um) smaller than the width D1 of the
first opening 3a in the passivation layer 3.

Moreover, as shown in FIG. 2, on the barrier metal layer 5,
a solder bump 6 with a height (thickness) of about 70 um to
about 100 um and of a spherical shape is formed. The solder
bump 6 is electrically connected, via the barrier metal layer 5,
to the electrode pad portion 2. Moreover, the solder bump 6 is
formed on the barrier metal layer 5 such that the solder bump
6 makes contact not only with the top face of the barrier metal
layer 5 but also with the circumferential end part 54 of the
barrier metal layer 5. That is, the solder bump 6 is bonded to
the barrier metal layer 5 so as to cover the circumferential end
part 54 of the barrier metal layer 5. This results in a larger
bonding area than in a case where the solder bump 6 is bonded
only to the top face, and thus contributes to increased bonding
strength between the solder bump 6 and the barrier metal
layer 5. It should be understood that the solder bump 6 is an
example of a “bump electrode” according to the invention.

The printed circuit board 20 shown in FIG. 1 is formed of
glass epoxy resin or the like, and has conductor layers (unil-
lustrated) in a multiple-layer structure. On the top face of the
printed circuit board 20, a plurality of connection pad por-
tions 21 (see FIG. 5) are formed for electrical connection with
solder bumps 6 on the semiconductor chip 10. On the bottom
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face of the printed circuit board 20, a plurality of electrode
terminals 22 are formed that are electrically connected to the
connection pad portions 21. The electrode terminals 22 are
solder bumps 6 of a spherical shape, and are arrayed in a
lattice-like pattern on the bottom face of the printed circuit
board 20.

As shown in FIGS. 1 and 5, the semiconductor chip 10
having the solder bumps 6 formed on it is mounted face down
on the printed circuit board 20. Specifically, as shown in FIG.
5, the semiconductor chip 10 is arranged with its top face
(circuit face) facing the printed circuit board 20, and the
solder bumps 6 on the semiconductor chip 10 are bonded to
the connection pad portions 21 on the printed circuit board 20
by flip chip bonding. This electrically connects the solder
bumps 6 and the connection pad portions 21 together.

As shown in FIG. 1, the gap between the semiconductor
chip 10 and the printed circuit board 20 is filled with a resin
member 40 of silicone resin, epoxy resin, acrylic resin, or the
like.

In the first embodiment, as described above, the barrier
metal layer 5 is so configured that its circumferential end part
55 is formed inward of the first opening 3« in the passivation
layer 3 as seen in a plan view, and consequently no passivation
layer 3 is formed under the circumferential end part 56 of the
barrier metal layer 5. Thus, during the flip chip bonding of the
semiconductor chip 10 (semiconductor substrate 1) onto the
printed circuit board 20, even when a thermal stress ascrib-
able to a difference in thermal expansion coefficient between
the semiconductor chip 10 and the printed circuit board 20
acts on the solder bump 6, it is possible to suppress develop-
ment of a crack in the passivation layer 3. Thus, it is possible
to suppress breakage of the passivation layer 3, and it is
thereby possible to suppress a lowering in the reliability of the
semiconductor device resulting from breakage of the passi-
vation layer 3.

Under the circumferential end part 55 of the barrier metal
layer 5, the insulating protection layer 4 is formed. Since the
insulating protection layer 4 is formed of polyimide, which is
softer than silicon nitride, of which the passivation layer 3 is
formed, even when the peripheral part 5a of the barrier metal
layer 5 is formed over the insulating protection layer 4, it is
possible to suppress breakage of the insulating protection
layer 4.

Moreover, in the first embodiment, the insulating protec-
tion layer 4 is formed over a predetermined region on the
passivation layer 3 and a predetermined region on the elec-
trode pad portion 2, and the barrier metal layer 5 is formed on
the electrode pad portion 2 with the peripheral part 5a located
over the insulating protection layer 4. Consequently, in the
process, described later, of forming an electrode portion, it is
possible to form easily the barrier metal layer 5 such that its
circumferential end part 56 is located inward of the first
opening 3a in the passivation layer 3 as seen in a plan view.

Moreover, in the first embodiment, the rim part 45 of the
insulating protection layer 4 defining the second opening 4a
is formed in an inclined shape, and consequently even when
the peripheral part Sa of the barrier metal layer 5 is formed
over the insulating protection layer 4, it is possible to make
the barrier metal layer 5 unlikely to break. Thus, it is possible
to suppress a lowering in the reliability of the semiconductor
device resulting from breakage of the passivation layer 3, and
in addition it is possible to suppress a lowering in the reliabil-
ity of the semiconductor device resulting from breakage of
the barrier metal layer 5. It is thus possible to suppress more
easily a lowering in the reliability of the semiconductor
device.
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FIGS. 6 to 12 are sectional views illustrating the process of
forming an electrode portion of the semiconductor chip in the
semiconductor device according to the first embodiment.
Next, with reference to FIGS. 1 to 4 and 6 to 12, the process
of forming an electrode portion of the semiconductor chip 10
will be described.

First, as shown in FIG. 6, over the entire surface of the top
face of a semiconductor substrate 1 having an electrode pad
portion 2 formed on it, a passivation layer 3 of silicon nitride
is formed by plasma CVD or the like. Next, as shown in FIG.
7, a resist 50 is formed in a predetermined region on the
passivation layer 3 by photolithography or the like. Then,
with the resist 50 used as a mask, a predetermined region of
the passivation layer 3 is removed by etching. This forms a
first opening 3a in the passivation layer 3 through which a
predetermined region on the electrode pad portion 2 is
exposed. Here, the first opening 3a is formed with an opening
width D1 (about 85 um to about 95 um, see FIGS. 3 and 4).
The resist 50 is then removed.

Subsequently, as shown in FIG. 8, over the entire surface,
an insulating protection layer 14 of polyimide is formed by
spin coating or the like. Then, a predetermined region of the
insulating protection layer 14 is removed by photolithogra-
phy and etching. Thereafter, the insulating protection layer 14
is flowed by heat processing. Thus, an insulating protection
layer 4 as shown in FIG. 9 is obtained. Specifically, in the
insulating protection layer 14 (see FIG. 8), a second opening
4a with an opening width D2 (about 55 um to about 65 pm)
smaller than the opening width D1 (about 85 pum to about 95
pum) ofthe first opening 3a in the passivation layer 3 is formed,
and a rim part 45 defining the second opening 4a is formed in
an inclined shape.

Next, as shown in FIG. 10, over the entire surface, a barrier
metal layer 15 with a thickness of about 10 um and of titanium
(Ti) is formed by vapor deposition or the like. Next, as shown
in FIG. 11, a resist 60 is formed in a predetermined region on
the barrier metal layer 15 by photolithography and etching.
Here, the resist 60 is so patterned that it has an opening in a
region corresponding to the inside of the first opening 3a in
the passivation layer 3. Then, with the resist 60 used as a
mask, a solder layer 16 is formed on the barrier metal layer 15
by plating or the like.

Thereafter, as shown in FIG. 12, the resist 60 (see FIG. 11)
is removed, and the barrier metal layer 15 around the solder
layer 16 is removed by etching. Thus, a barrier metal layer 5
of'which a circumferential end part 55 is formed inward of the
first opening 3« in the passivation layer 3 as seen in a plan
view as shown in FIG. 4 is formed on the electrode pad
portion 2. Moreover, as shown in FIGS. 2 and 3, the barrier
metal layer 5 formed on the electrode pad portion 2 is so
configured that its peripheral part Sa is located over the insu-
lating protection layer 4.

It should be noted that, as shown in FIG. 12, forming the
insulating protection layer 4 described above makes it pos-
sible to obtain a configuration in which the top face of the
electrode pad portion 2 is not exposed. Thus, even when the
barrier metal layer 15 is so etched that the circumferential end
part 55 is formed inward of the first opening 3« in the passi-
vation layer 3, it is possible to prevent the etching from
progressing to the electrode pad portion 2. Thus, it is possible
to form easily the barrier metal layer 5 such that its circum-
ferential end part 55 is located inward of the first opening 3a
in the passivation layer 3 as seen in a plan view.

Lastly, by heating in a reflow furnace, the solder layer 16 is
melted for a while so as to be formed into a spherical solder
bump 6 as shown in FIG. 2. This forms the solder bump 6 (see
FIG. 2) on the barrier metal layer 5. In this way, the electrode
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portion of the semiconductor chip 10 in the semiconductor
device according to the first embodiment of the invention is
formed.

Although the first embodiment described above deals with
an example in which an insulating protection layer of poly-
imide is provided, this is not meant to limit the invention; it is
instead possible to adopt a configuration provided with no
insulating protection layer as in a semiconductor chip 110,
shown in FIG. 13, according to a first modified example of the
first embodiment. In this case, instead of an insulating pro-
tection layer of polyimide, aresist is used to form an electrode
structure similar to that in the above-described embodiment,
and thereafter the resist is removed to obtain a configuration
with no insulating protection layer. Also in a case where the
resist is removed by filling the gap between the semiconduc-
tor chip 110 and the printed circuit board with a resin member
40 as shown in FIG. 1, it is possible to suppress a lowering in
the reliability of flip chip bonding.

Instead, as in a semiconductor chip 210, shown in FIG. 14,
according to a second modified example of the first embodi-
ment, it is also possible to form a barrier metal layer 205 over
the entire surface of the region on the electrode pad portion 2
exposed through the first opening 3a in the passivation layer
3. In this case, by giving the barrier metal layer 205 a thick-
ness greater than that of the passivation layer 3, it is possible
to form the solder bump 6 such that it covers the circumfer-
ential end part 205a of the barrier metal layer 205.

Instead, as in a semiconductor chip 310, shown in FIG. 15,
according to a third modified example of the invention, it is
also possible to form the circumferential end part 3054 ofthe
barrier metal layer 305 in a region a predetermined distance
away from the first opening 3« in the passivation layer 3.

Second Embodiment

FIG. 16 is a sectional view showing the structure of a
semiconductor device according to a second embodiment of
the invention. FIG. 17 is a sectional view showing the struc-
ture of an electrode portion of a semiconductor chip in the
semiconductor device shown in FIG. 16 according to the
second embodiment of the invention. FIGS. 18 to 20 are
diagrams illustrating the structure of the semiconductor
device according to the second embodiment of the invention.
First, with reference to FIGS. 16 to 20, the structure of the
semiconductor device according to the second embodiment
of the invention will be described.

As shown in FIG. 16, the semiconductor device according
to the second embodiment is provided with a semiconductor
chip 410, a printed circuit board 420 on which the semicon-
ductor chip 410 is mounted, and a resin sealing layer 430 that
seals the semiconductor chip 410 in. The resin sealing layer
430 is formed of a thermosetting resin such as epoxy resin.

The semiconductor chip 410 comprises a semiconductor
substrate 401 such as a silicon substrate, and on the top face of
the semiconductor substrate 401, a circuit (unillustrated) such
as an IC or LSI has been fabricated. It should be understood
that the semiconductor substrate 401 is an example of a “sub-
strate” according to the invention.

Moreover, as shown in FIGS. 17 and 18, on the top face of
the semiconductor substrate 401, an electrode pad portion
402 of aluminum or an alloy of aluminum is formed. As
shown in FIG. 19, the electrode pad portion 402 here is
formed in a rectangular shape as seen in a plan view. More-
over, as shown in FIGS. 17 and 18, on the top face of the
semiconductor substrate 401, a passivation layer 403 of sili-
con nitride is formed. In the passivation layer 403, a first
opening 403a is formed through which a predetermined
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region of the electrode pad portion 402 is exposed. As shown
in FIG. 19, the first opening 403a has a substantially circular
shape as seen in a plan view, and is formed with an opening
width D1 of about 85 um to about 95 pm. Moreover, the
passivation layer 403 is formed on the top face of the semi-
conductor substrate 401 so as to overlap a peripheral part of
the electrode pad portion 402. Thus, the passivation layer 403
has a step part 4035 formed in it. It should be understood that
the passivation layer 403 is an example of a “first protection
layer” according to the invention.

Over a predetermined region on the passivation layer 403
and a predetermined region on the electrode pad portion 402,
an insulating protection layer 404 of polyimide is formed. As
shown in FIGS. 18 and 19, in the insulating protection layer
404, a second opening 404a is provided that has an opening
width D2 (about 55 um to about 65 um) smaller than the
opening width D1 (about 85 pm to about 95 um) of the first
opening 403a in the passivation layer 403. As shown in FIG.
19, the second opening 404a has a substantially circular shape
as seen in a plan view, and is formed to be substantially
concentric with the first opening 403a. Moreover, a rim part
4045 of the insulating protection layer 404 defining the sec-
ond opening 404a is formed in an inclined shape. It should be
understood that the insulating protection layer 404 is an
example of a “second protection layer” according to the
invention.

Moreover, as shown in FIGS. 17 and 18, on the electrode
pad portion 402, a barrier metal layer 405 with a thickness of
about 10 um and of titanium (T1) is formed, with a peripheral
part 4054 of the barrier metal layer 405 located in a region on
the insulating protection layer 404 near the rim part 404b.
That is, the barrier metal layer 405 is formed on the electrode
pad portion 402 without making direct contact with the pas-
sivation layer 403. As shown in FIG. 19, the barrier metal
layer 405 has a substantially circular shape as seen in a plan
view, and is formed to be substantially concentric with the
first opening 403a and with the second opening 404a.

Here, in the second embodiment, the barrier metal layer
405 is so formed that a circumferential end part 4055 of the
barrier metal layer 405 is located outward of the step part
4035 of the passivation layer 403 as seen in a plan view. That
is, the barrier metal layer 405 is formed with a width D4
(about 110 pm to about 120 um) large enough to cover the step
part 4035 of the passivation layer 403.

Moreover, as shown in FIG. 17, on the barrier metal layer
405, a solder bump 406 with a height (thickness) of about 70
um to about 100 um and of a spherical shape is formed. The
solder bump 406 is electrically connected, via the barrier
metal layer 405, to the electrode pad portion 402. Moreover,
the solder bump 406 is formed on the barrier metal layer 405
such that the solder bump 6 makes contact not only with the
top face of the barrier metal layer 405 but also with the
circumferential end part 4055 of the barrier metal layer 405.
That is, the solder bump 406 is bonded to the barrier metal
layer 405 so as to cover the circumferential end part 4055 of
the barrier metal layer 405. This results in a larger bonding
area than in a case where the solder bump 406 is bonded only
to the top face, and thus contributes to increased bonding
strength between the solder bump 406 and the barrier metal
layer 405. It should be understood that the solder bump 406 is
an example of a “bump electrode” according to the invention.

The printed circuit board 420 shown in FI1G. 16 is formed of
glass epoxy resin or the like, and has conductor layers (unil-
lustrated) in a multiple-layer structure. On the top face of the
printed circuit board 420, a plurality of connection pad por-
tions 421 (see FIG. 20) are formed for electrical connection
with solder bumps 406 on the semiconductor chip 410. Onthe
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bottom face of the printed circuit board 420, a plurality of
electrode terminals 422 are formed that are electrically con-
nected to the connection pad portions 421. The electrode
terminals 422 are solder bumps 406 of a spherical shape, and
are arrayed in a lattice-like pattern on the bottom face of the
printed circuit board 420.

As shown in FIGS. 16 and 20, the semiconductor chip 410
having the solder bumps 406 formed on it is mounted face
down on the printed circuit board 420. Specifically, as shown
in FIG. 20, the semiconductor chip 410 is arranged with its
top face (circuit face) facing the printed circuit board 420, and
the solder bumps 406 on the semiconductor chip 410 are
bonded to the connection pad portions 421 on the printed
circuit board 420 by flip chip bonding. This electrically con-
nects the solder bumps 406 and the connection pad portions
421 together.

As shown in FIG. 16, the gap between the semiconductor
chip 410 and the printed circuit board 420 is filled with a resin
member 440 of silicone resin, epoxy resin, acrylic resin, or
the like.

In the second embodiment, as described above, the barrier
metal layer 405 is formed on the electrode pad portion 402 so
as not to make direct contact with the passivation layer 403.
Thus, during the flip chip bonding of the semiconductor chip
410 (semiconductor substrate 401) onto the printed circuit
board 420, even when a thermal stress ascribable to a differ-
ence in thermal expansion coefficient between the semicon-
ductor chip 410 and the printed circuit board 420 acts on the
solder bump 406, it is possible to suppress the thermal stress
acting on the passivation layer 403, and thus it is possible to
suppress development of a crack in the passivation layer 403.
Thus, it is possible to suppress breakage of the passivation
layer 403, and it is thereby possible to suppress a lowering in
the reliability of the semiconductor device resulting from
breakage of the passivation layer 403.

Moreover, in the second embodiment, the barrier metal
layer 405 is so configured that its circumferential end part
4055 is formed outward of the step part 4035 as seen in a plan
view, and this permits the barrier metal layer 405 to be con-
figured such that the step part 4035 is not located right under
the circumferential end part 4055. Here, in the step part 4035
of'the passivation layer 403, because the passivation layer 403
is partly less thick and for other reasons, a crack is more likely
to develop than in the other part of the passivation layer 403;
on the other hand, however, thanks to the configuration
described above, even when a thermal stress ascribable to a
difference in thermal expansion coefficient between the semi-
conductor chip 410 (semiconductor substrate 401) and the
printed circuit board 420 acts on the solder bump 406, it is
possible to suppress development of a crack in the step part
4035 of the passivation layer 403. This, too, contributes to
suppressing a lowering in the reliability of the semiconductor
device resulting from breakage of the passivation layer 403.

Moreover, in the second embodiment, the insulating pro-
tection layer 404 is formed over a predetermined region on the
passivation layer 403 and a predetermined region on the elec-
trode pad portion 402, and the barrier metal layer 405 is
formed on the electrode pad portion 402 with the peripheral
part 4054 located over the insulating protection layer 404.
Consequently, when the barrier metal layer 405 is formed on
the electrode pad portion 402, it is possible to form easily the
barrier metal layer 405 such that it does not make direct
contact with the passivation layer 403 and that its circumfer-
ential end part 40556 is located outward of the step part 4035
as seen in a plan view.

Moreover, in the second embodiment, the rim part 4045 of
the insulating protection layer 404 defining the second open-
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ing 404q is formed in an inclined shape, and consequently
even when the peripheral part 4054 of the barrier metal layer
405 is formed over the insulating protection layer 404, it is
possible to make the barrier metal layer 405 unlikely to break.
Thus, it is possible to suppress a lowering in the reliability of
the semiconductor device resulting from breakage of the pas-
sivation layer 403, and in addition it is possible to suppress a
lowering in the reliability of the semiconductor device result-
ing from breakage of the barrier metal layer 405. It is thus
possible to suppress more easily a lowering in the reliability
of the semiconductor device.

FIGS. 21 to 27 are sectional views illustrating the process
of forming an electrode portion of the semiconductor chip in
the semiconductor device according to the second embodi-
ment. Next, with reference to FIGS. 16 to 4 and 21 to 27, the
process of forming an electrode portion of the semiconductor
chip 410 will be described.

First, as shown in FIG. 21, over the entire surface of the top
face of asemiconductor substrate 401 having an electrode pad
portion 402 formed on it, a passivation layer 403 of silicon
nitride is formed by plasma CVD or the like. Next, as shown
in F1G. 22, a resist 450 is formed in a predetermined region on
the passivation layer 403 by photolithography or the like.
Then, with the resist 450 used as a mask, a predetermined
region of the passivation layer 403 is removed by etching.
This forms a first opening 4034 in the passivation layer 403
through which a predetermined region on the electrode pad
portion 402 is exposed. Here, the first opening 403a is formed
with an opening width D1 (about 85 pum to about 95 pum, see
FIGS. 18 and 19). The resist 450 is then removed.

Subsequently, as shown in FIG. 23, over the entire surface,
an insulating protection layer 414 of polyimide is formed by
spin coating or the like. Then, a predetermined region of the
insulating protection layer 414 is removed by photolithogra-
phy and etching. Thereafter, the insulating protection layer
414 is flowed by heat processing. Thus, an insulating protec-
tion layer 404 as shown in F1G. 24 is obtained. Specifically, in
the insulating protection layer 414 (see FIG. 23), a second
opening 404a with an opening width D2 (about 55 pm to
about 65 um) smaller than the opening width D1 (about 85 um
to about 95 um) of the first opening 403¢ in the passivation
layer 403 is formed, and a rim part 4045 defining the second
opening 404q is formed in an inclined shape.

Next, as shown in FIG. 25, over the entire surface, a barrier
metal layer 415 with a thickness of about 10 um and of
titanium (1) is formed by vapor deposition or the like. Next,
as shown in FIG. 26, a resist 460 is formed in a predetermined
region on the barrier metal layer 415 by photolithography and
etching. Then, with the resist 460 used as a mask, a solder
layer 416 is formed on the barrier metal layer 415 by plating
or the like.

Thereafter, as shownin FIG. 27, the resist 460 (see F1G. 26)
is removed, and the barrier metal layer 415 around the solder
layer 416 is removed by etching. Thus, a barrier metal layer
405 of which a circumferential end part 4055 is formed out-
ward of the step part 4035 of the passivation layer 403 as seen
in a plan view as shown in FIG. 19 is formed on the electrode
pad portion 402. Moreover, as shown in FIGS. 17 and 18, the
barrier metal layer 405 formed on the electrode pad portion
402 is so configured that its peripheral part 405q is located
over the insulating protection layer 404.

It should be noted that, as shown in FIG. 27, forming the
insulating protection layer 404 described above permits the
barrier metal layer 405 to be formed on the electrode pad
portion 402 without making direct contact with the passiva-
tion layer 403.
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Lastly, by heating in a reflow furnace, the solder layer 416
is melted for a while so as to be formed into a spherical solder
bump 406 as shown in FIG. 17. This forms the solder bump
406 (see F1G. 17) on the barrier metal layer 405. In this way,
the electrode portion of the semiconductor chip 410 in the
semiconductor device according to the second embodiment
of the invention is formed.

Although the second embodiment described above deals
with an example in which an insulating protection layer of
polyimide is provided, this is not meant to limit the invention;
it is instead possible to adopt a configuration provided with no
insulating protection layer as in a semiconductor chip 510,
shown in FIG. 28, according to a modified example of the
second embodiment. In this case, instead of an insulating
protection layer of polyimide, a resist is used to form an
electrode structure similar to that in the above-described
embodiment, and thereafter the resist is removed to obtain a
configuration with no insulating protection layer. Also in a
case where the resist is removed by filling the gap between the
semiconductor chip and the printed circuit board with a resin
member 440 as shown in FIG. 16, it is possible to suppress a
lowering in the reliability of flip chip bonding.

It should be understood that all the embodiments disclosed
herein are in every aspect meant to be illustrative and not
restrictive. The scope of the invention is defined not by the
description of the embodiments presented above but by what
is recited in the appended claims, and encompasses any modi-
fications and variations made in a spirit and scope equivalent
to those of the appended claims.

For example, although the first and second embodiments
described above deal with examples in which the invention is
applied to a semiconductor device with a BGA package, this
is not meant to limit the invention; the invention may be
applied to a semiconductor device other than with a BGA
package.

For another example, although the first and second
embodiments described above deal with examples in which
an insulating protection layer is formed of polyimide, this is
not meant to limit the invention; the insulating protection
layer may be formed of any organic material other than poly-
imide, for example BCB (benzocyclobutene) or fluororesin.

For another example, although the first and second
embodiments described above deal with examples in which a
passivation layer is formed of silicon nitride, this is not meant
to limit the invention; the passivation layer may be formed of
any inorganic material other than silicon nitride. For example,
the passivation layer may be formed of SiON, SiO,, or the
like.

For another example, although the first and second
embodiments described above deal with examples in which
an electrode pad portion is formed of aluminum or an alloy of
aluminum, this is not meant to limit the invention; the elec-
trode pad portion may be formed of any metal material other
than aluminum or an alloy of aluminum, for example gold
(Au) or an AlCu alloy.

For another example, although the first and second
embodiments described above deal with examples in which a
barrier metal layer is formed of titanium, this is not meant to
limit the invention; the barrier metal layer may be formed of
any material other than titanium. Materials other than tita-
nium include, for example, TiN and Ta. The barrier metal
layer may be given a multiple-layered structure having a
plurality of metal layers stacked on one another

For another example, although the first and second
embodiments described above deal with examples in which a
bump electrode comprising a solder bump is formed on the
electrode pad, this is not meant to limit the invention; a bump
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electrode comprising a metal bump other than a solder bump
(for example, an Au or Cu bump) may instead be formed on
the electrode pad.

For another example, although the first and second
embodiments described above deal with examples in which
the gap between the semiconductor chip and the printed cir-
cuit board is filled with a resin member, this is not meant to
limit the invention; the gap between the semiconductor chip
and the printed circuit board may be left unfilled with a resin
member.

The invention claimed is:

1. A semiconductor chip comprising:

an electrode pad portion formed on a face of a substrate;

a first protection layer including a first opening through

which a top face of the electrode pad portion is exposed,
the first protection layer disposed on the face of the
substrate and overlapping part of the electrode pad por-
tion;

a barrier metal layer formed on the electrode pad portion;

a bump electrode on the barrier metal layer; and

a second protection layer covering a region on the first

protection layer and a region on the electrode pad por-
tion,

wherein the first protection layer has a step part formed

therein as a result of the first protection layer overlap-
ping the part of the electrode pad portion,

wherein the barrier metal layer has a circumferential end

part thereof formed outward of the first opening as seen
in a plan view,

wherein the bump electrode is bonded to the barrier metal

layer,

wherein the barrier metal layer is on the electrode pad

portion with a peripheral part of the barrier metal layer
located over the second protection layer,

wherein the second protection layer has a second opening

through which the top face of the electrode pad portion
is exposed and that has an opening width smaller than
the first opening, and

wherein a rim part of the second protection layer defining

the second opening has an inclined shape, an upper
surface of the second protection layer has an arc surface
along a lower surface of the barrier metal layer, and a
center point of a curvature of the arc surface as seen in a
sectional view is located on a first protection layer side
of the arc surface.

2. The semiconductor chip according to claim 1, wherein
the barrier metal layer has a circumferential end part thereof
formed outward of the step part as seen in a plan view and
extend upwardly along the second protection layer.

3. The semiconductor chip according to claim 1, wherein a
center of the barrier metal layer is lower than the rim portion
of the barrier metal layer.

4. The semiconductor chip according to claim 1, wherein
the second protective layer intrude into a space between the
barrier metal layer and the first protective layer so that the
second protective layer is interdigitate with the first protec-
tion layer.

5. The semiconductor chip according to claim 1, the bump
electrode is bonded to the barrier metal layer.

6. The semiconductor chip according to claim 1, wherein
the bump electrode has a portion which, as seen in a plan view,
protrudes out from a side surface of the barrier metal layer.

7. The semiconductor chip according to claim 1, wherein
the first opening has an opening width of about 85 um to about
95 mm, and wherein the second opening has an opening width
of'about 55 pum to about 65 mm.
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8. The semiconductor chip according to claim 1, wherein
the second protection layer is made of polyimide.

9. A semiconductor device comprising:

the semiconductor chip according to claim 1; and

a printed circuit board on which the semiconductor chip is
mounted to form an electric device.

10. A semiconductor chip comprising:

an electrode pad on a surface of a substrate;

a first protection layer disposed partially on the surface of
the substrate and overlapping part of the electrode pad,
the first protection layer having a first opening;

a second protection layer covering a region on the first
protection layer and a region on the electrode pad, the
second protection layer having a second opening that
has a width smaller than a width of the first opening;

a barrier metal layer on the electrode pad, wherein an
interface between the barrier metal layer and the elec-
trode pad is located within the first opening and within
the second opening,

a bump electrode bonded to the barrier metal layer, and

wherein a peripheral part of the barrier metal layer is on the
second protection layer; and

wherein an upper surface of the second protection layer has
an arc surface in contact with a surface of the barrier
metal layer, and a center point of a curvature of the arc
surface as seen in a sectional view is located on a sub-
strate side of the arc surface, and

wherein the upper surface and a lower surface of the barrier
metal layer has a curved shape extending along the sec-
ond protective layer so that a center point of a curvature
of the curved shape as seen in a sectional view is located
on a substrate side of the curved shape.

11. The semiconductor chip according to claim 10,
wherein the barrier metal layer has a circumferential end part
thereof formed outward of the step part as seen in a plan view
and extend upwardly along the second protection layer.

12. The semiconductor chip according to claim 10,
wherein a center of the barrier metal layer is lower than a rim
portion of the barrier metal layer.

13. The semiconductor chip according to claim 10,
wherein the second protective layer intrude into a space
between the barrier metal layer and the first protective layer so
that the second protective layer is interdigitate with the first
protection layer.

14. The semiconductor chip according to claim 10, the
bump electrode is disposed on the barrier metal layer.

15. The semiconductor chip according to claim 10,
wherein the bump electrode has a portion which, as seen in a
plan view, protrudes out from a side surface of the barrier
metal layer.

16. The semiconductor chip according to claim 10,
wherein the first opening has an opening width of about 85 pm
to about 95 mm, and wherein the second opening has an
opening width of about 55 pm to about 65 mm.

17. The semiconductor chip according to claim 10,
wherein the second protection layer is made of polyimide.

18. A semiconductor device comprising:

the semiconductor chip according to claim 10; and

a printed circuit board on which the semiconductor chip is
mounted to form an electric device.

19. A semiconductor chip comprising:

an electrode pad on a surface of a substrate;

a first protection layer disposed partially on the surface of
the substrate and overlapping part of the electrode pad,
the first protection layer having a first opening;

a second protection layer covering a region on the first
protection layer and a region on the electrode pad, the
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second protection layer having a second opening that
has a width smaller than a width of the first opening;

a barrier metal layer on the electrode pad, wherein an
interface between the barrier metal layer and the elec-
trode pad is located within the first opening and within 5
the second opening,

a bump electrode bonded to the barrier metal layer, and

wherein a peripheral part of the barrier metal layer is on the
second protection layer; and

wherein an upper surface of the second protectionlayerhas 10
an arc surface in contact with a surface of the barrier
metal layer, and a center point of a curvature of the arc
surface as seen in a sectional view is located on a sub-
strate side of the arc surface,

wherein the upper surface and a lower surface of the barrier 15
metal layer has a curved shape extending along the sec-
ond protective layer so that a center point of a curvature
of'the curved shape as seen in a sectional view is located
on a substrate side of the curved shape,

wherein the barrier metal layer has a circumferential end 20
part thereof formed outward of the step part as seenin a
plan view and extend upwardly along the second protec-
tion layer, and

wherein a center of the barrier metal layer is lower than the
rim portion of the barrier metal layer. 25
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